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A Polymer Composition and a Process for Producing Same 

The invention relates to a continuous process for 
producing hydrophilic, swellable polymer compositions for 
aqueous liquids. 

Polymer products absorbing large amounts of aqueous 
liquids, particularly body fluids such as urine, are known 
as superabsorbent polymers . 

These polymers are produced by free-radical poly- 
merization, preferably using monoethylenically unsaturated 
carboxylic acids such as acrylic acid and the alkali salts 
thereof in aqueous solution, or according to the processes 
of inverse suspension or emulsion polymerization, such as 
described in US 4, 286, 082, DE 27 06 135, US 4, 340, 706, DE 
37 13 601, and DE 28 40 010. 



By selecting the monomer composition, the cross- 
linkers, as well as polymerization conditions and process- 
ing conditions for the polymer gel, polymer products having 
distinct absorber properties can be produced. Further op- 
tions of variation are provided by the production of graft 
polymers, e.g. using chemically modified starch, cellulose 
and polyvinyl alcohol according to DE-OS 25 12 846, and the 
secondary treatment of polymer gels or powdered resins by 
secondary crosslinking of the surface of polymer particles, 
e.g. according to DE 40 20 780 CI. 

In order to use these polymers in the hygiene and 
sanitary sectors, polymers are produced wherein the degree 
of neutralization approximately is between 50 and 
80 mole-%, relative to the polymerized monomer units con- 
taining acid groups, so that hydrogels are formed which 
have a skin-neutral effect when used. 
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During the further technical development of super- 
absorbing polymers, the pattern of requirements to be met 
by these products has been changing significantly over the 
years. While initially, the exceedingly high swelling power 
upon contact with a liquid was the only point which had 
been given special emphasis during the development of su- 
perabsorbers, it has later been found that not only the 
amount of liquid absorbed, but also the strength of the 
swollen gel is important. However, as is already known from 
US 3 , 247, 171, the retention on the one hand, and the 
strength of the swollen gel on the other hand, are contrary 
properties. Consequently, polymers having a particularly 
high retention have only low strength of the swollen gel 
and as a result, the gel is deformable under an applied 
pressure (e.g., the pressure of the body), preventing fur- 
ther absorption of liquid. This specific property of ab- 
sorption, referred to as "absorption under pressure" (AUP), 
has been described in US 5,314,420, for example. 

As a result of the increased demands to be met by 
superabsorbers in the hygiene sector, the original load of 
21 g/cm (0.3 psi) was found to be no longer the desired 
standard of properties required for incontinence products 
or diaper constructions with low fluff content and high 
amounts of superabsorber . Consequently, pressure loads of 
49 g/cm 2 (0.7 psi) are demanded today. 

While a person skilled in the art will know about 
methods of producing e.g. products having high retention or 
high absorption or low solubles or rapid absorption of 
water, simultaneous adjustment of all these four positive 
properties has not been possible with previously known for- 
mulations. Thus, it is well-known to a person skilled in 
the art that increasing the crosslinker concentration will 
result in products low in solubles, but at the same time, 
products having low retention are obtained. Conversely, 
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while decreasing the crosslinker concentration will afford 
products having high retention, the solubles will be high 
as well. 

The development towards thinner and thinner diaper 
constructions in the hygiene sector is associated with a 
higher compacting of the absorbent core and an increase of 
the superabsorber ratio in the superabsorber/cel lulose mix- 
ture. ,As a result, the homogeneous liquid distribution 
within the absorbent core becomes a more and more important 
criterion for full-scale utilization of the storage capac- 
ity of highly swellable polymers. 

The reduction of the cellulose amount in the absor- 
bent core has an adverse effect on the liquid distribution. 
Meanwhile, the use of additional means such as special 
fleeces in order to optimize the liquid distribution has 
become state of the art. 

Additional demands with respect to the liquid man- 
agement are made on the highly swellable, liquid-storing 
polymers as well. Even in a superabsorber/cellulose mixture 
having a high ratio of highly swellable polymers, the liq- 
uid-storing polymers must permit or support rapid distribu- 
tion of liquid within the superabsorber/cellulose mixture. 

Conventional superabsorbers which are frequently 
optimized for a high liquid absorption rate in particular, 
have a tendency to absorb and store an aqueous liquid imme- 
diately upon contact with such a liquid, which is associ- 
ated with a massive volume increase of the polymer parti- 
cles . 

In the vicinity of the entry site of body fluid 
into the absorbent core, the absorbent polymers undergo 
massive swelling as a result of their high absorption rate 
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for aqueous liquids, because the distribution of liquid is 
slower than the liquid storage by the highly swellable 
polymer as a result of the low cellulose ratio in the ab- 
sorbent core. Owing to this rate difference, a major part 
of the liquid is absorbed in the immediate vicinity of the 
entry site. 



swelling of a conventional superabsorber takes place in 
such a way that immediately upon addition of liquid, a very 
high absorption rate for aqueous liquids is observed, in 
association with a steep increase of absorption. After a 
few minutes already, a highly swellable polymer based on 
crosslinked, partially neutralized polyacrylate has reached 
about 95% of its absorptive capacity under conditions of 
free swelling. Thereafter, the amount of absorbed liquid 
asymptotically approaches its equilibrium value. As a re- 
sult, an excessive proportion of liquid per unit time is 
taken up by the described highly swellable polymers immedi- 
ately after addition of the liquid to be absorbed. This be- 
havior is a typical material property of crosslinked poly- 
acrylates . 



cles associated with the absorption of liquid, the inter- 
stices and pores of the SAP/fluff matrix close within the 
absorbent core area around the entry site of the body 
fluid. As the liquid transport through a swelled hydrogel 
by diffusion is some magnitudes slower compared to the flow 
in interstices, blocking occurs in this area. Succeeding 
amounts of body fluid cannot penetrate the absorbent core 
and will be transported randomly over the surface of the 
already surface-saturated area up to the edge of same. 



Moreover, this effect is reinforced in that the 



As a result of the expansion of the polymer parti- 



As a consequence, the reverse wetting behavior and 
leakage behavior of the hygiene article are deteriorated. 
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In addition, the storage capacity of the absorbent core is 
reduced because highly absorbent - polymers embedded deeper 
in the absorbent core can no longer be reached by addi- 
tional body fluid from later dosages as a result of swel- 
ling of the particles at the surface and thus, cannot con- 
tribute to the overall storage capacity. 

To correct these drawbacks of absorbent bodies, US 
5,728,082 suggests the use of two different superabsorbers 
separated from each other in the absorbent core. 



A highly crosslinked polymer, i.e., a highly perme- 
able superabsorber having low retention, is placed in an 
upper layer, and a polymer having higher retention, i.e., 
lower crosslinking, is placed in a second layer. 



EP 0,640,330 Al claims an absorbent construction 
which, inter alia, includes two separate layers of swella- 
ble polymers. The upper layer contains a polymer having a 
permeability of at least 4 x l(T 7 cm 3 s/g in the swollen 
state, while the lower polymer layer exhibits an absorption 
under a load of 50 g/cm 2 of at least 15 g/g and a swelling 
rate of at least 0.2 g/g-s . 

Crosslinked, water-swellable polymer products hav- 
ing improved permeability, retention, and absorption under 
pressure are known from DE 195 43 366 Al, which are pro- 
duced using unsaturated aminoalcohols . DE 195 43 368 Al de- 
scribes polymer products having improved absorption under 
pressure, where crosslinker mixtures of diacrylates and 
alkoxylated allyl ether acrylates are used in the synthesis 
thereof. Liquid-absorbing polymer products having improved 
permeability, absorption under pressure, and high absorp- 
tion rate can be inferred from DE 196 46 484 Al, which are 
produced using a combination of alkoxylated crosslinker and 
alkoxylated monomer. 
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It is the object of the invention to provide poly- 
mer compositions and a process for producing same, which 
compositions exhibit both high absorption for aqueous liq- 
uids under a load of 50 g/cm 2 and high permeability of the 
swollen gel for aqueous liquids. In addition, the polymer 
compositions should have a pattern of properties which at 
present can only be achieved by using combinations of poly- 
mer products to be employed separately. 

According to the invention, said object is accom- 
plished by providing a powdered, crosslinked polymer prod- 
uct containing 

a) 55 - 99.9 wt.-% of at least one polymerized, eth- 
ylenically unsaturated, polymerizable monomer which 
contains acid groups neutralized to at least 25 mole-%, 

b) 0-40 wt.-% of polymerized, unsaturated monomers 
copolymerizable with a), 

c) 0.01 - 5.0 wt.-%, preferably 0.1 - 2.0 wt.-% of one 
or more crosslinking agents, 

d) 0-30 wt.-% of a water-soluble polymer, 

the weight amounts a) through d) being based on anhydrous 
polymer composition, and the sum of these components always 
being 100 wt.-%, which composition can be obtained by con- 
tinuous polymerization wherein at least one parameter bias- 
ing the polymerization is varied according to a recurring 
pattern . 

According to the invention, water-soluble, monoeth- 
ylenically unsaturated mono- and dicarboxylic acids prefer- 
ably are employed as polymerizable, unsaturated monomers a) 
containing acid groups, with acrylic acid, methacrylic 
acid, ethacrylic acid, crotonic acid, sorbic acid and 
maleic acid, fumaric acid, itaconic acid, as well as vinyl- 
sulfonic acid, acrylamido- and/or methacry lamidoalkylsul- 
fonic acids such as 2-acry lamido-2-met hylpropanesulf onic 
acid , 2-methacryloyloxyethanesulf onic acid, 4-vinylbenzene- 
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sulfonic acid, al lylsulf onic acid, vinyltoluic acid, vinyl- 
phosphonic acid, and viny lbenzenephosphonic acid being 
particularly preferred. The acidic monomer components are 
neutralized to at least 25 mole-%, preferably at least 
50 mole-%, and more preferably from 50 to 80 mole-%. 



A particularly preferred water-soluble unsaturated 
carboxylic acid is acrylic acid which preferably is em- 
ployed^ as the only acid group-containing monomer in the 
polymer compositions of the invention and preferably is 
neutralized to 50-80 mole-%. It is also preferred that the 
percentage of other unsaturated carboxylic acids in addi- 
tion to acrylic acid in the polymer product is up to 
5 0 wt.-%. 



Water-soluble, monoethylenically unsaturated mono- 
mers preferably are used as monomers b), with acrylamide, 
methacrylamide, N-alkylated (meth ) acrylamides , N-methylol 
(meth ) acrylamide , N- vinyl amides , N-vinylf ormamide , N-vinyl- 
acetamide , N-vinyl-N-methylacetamide , N-viny 1-N-methylf orm- 
amide, vinylpyrrolidone , as well as hydroxyalkyl (meth)- 
acrylates such as hydroxyethyl acrylate, and (meth) acrylic 
esters of polyethylene glycol monoallyl ether, and allyl 
ethers of polyethylene glycols being particularly pre- 
ferred . 



As monomers b), it is also preferred to use limited 
amounts of monomers having low solubility in water, with 
acrylates and methacrylates such as ethyl acrylate and 
methyl acrylate, vinyl acetate and styrene being particu- 
larly preferred. The percentage of these sparingly or lim- 
itedly water-soluble monomers preferably is 10 wt.-% at 
maximum, relative to the sum of all monomers. 



or, 



in 



The monomers can be polymerized alone in solution 
order to obtain co- and terpolymer compositions, as 
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a mixture with other monomers. Those skilled in the art 
will recognize that more than three monomers can also be 
polymerized together. 

According to the invention, the aqueous monomer so- 
lution includes at least one crosslinker c) in an amount of 
0.01 - 5.0 wt.-%, preferably 0.1 2.0 wt.-%, relative to 
the anhydrous composition of the invention. Preferably, 
all those compounds including at least two ethy lenically 
unsaturated double bonds or one ethylenically unsaturated 
double bond and one functional group reactive towards acid 
groups or multiple functional groups reactive towards acid 
groups are used as crosslinkers . Examples of these are: 
methylenebisacrylamide , acrylates and methacrylates of 
polyols, such as butanediol diacrylate, hexanediol dimeth- 
acrylate, polyethylene glycol diacrylate, and trimethylol- 
propane triacrylate, and/or acrylates and methacrylates of 
the oxyalkylated above-mentioned polyols, e.g. those of 
oxyalkylated trimethylolpropane and oxyalkylated penta- 
erythritol . Crosslinkers of this type are known under the 
trade names of Sartomer and Craynor (Crayvalley Kunstharze 
GmbH, DE-47918 Tonisvorst, Germany), among which Sartomer 
415, Sartomer 454, Sartomer 494, Sartomer 610, and Craynor 
435 can be used in particular, and also, di- and polyesters 
of polyols and oxyethylated polyols with unsaturated mono- 
carboxylic acids and/or polycarboxylic acids, such as 
(meth)acrylic esters of 1 , 2-propylene glycol pentaerythri- 
tol, glycerol and polyglycerol , as well as monoesters of 
unsaturated alcohols and ethoxylated unsaturated alcohols 
with unsaturated monocarboxylic acids and/or monocarboxy lie 
acids, such as allyl acrylate and methacry late , monoallyl 
maleate, allylpolyethylene glycol ether acrylate and meth- 
acrylate, allyl itaconate, allylpolyethylene glycol ether 
itaconate, and monoallylpolyethylene glycol ether maleate, 
and also, diallylacrylamide , diallyl phthalate, diallyl 
adipate, triallyl citrate, and tr imonoal lylpolyethy lene 
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glycol ether citrate, as well as allyl ethers of di- and 
polyols and oxyethylates thereof, such as diallyl ethers of 
ethylene glycol, diethylene glycol, polyethylene glycol, 
triallyl ethers of glycerol, oxyethylated glycerol, tri- 
methylolpropane and oxyethylated trimethylolpropane , tetra- 
allyl ethers of pentaerythr itol and oxyethylated penta- 
erythritol, as well as tetraallyloxyethane and polygly- 
cidylethers such as ethylene glycol diglycidyl ether and 
glycerol glycidyl ether; furthermore, amines and/or salts 
thereof, amides having at least two ethylenically unsatu- 
rated alkyl groups, such as di- and triallylamine and 
tetraallylammonium chloride . 



polymers d) in an amount of 0-30 wt.-%, preferably 
1-5 wt.-%, relative to the anhydrous polymer composition 
according to the invention. Examples of these are water- 
soluble homo- or copolymers of the above-mentioned mono- 
mers, such as polyacrylic acid, partially saponified poly- 
vinyl acetate, polyvinyl alcohol, polyalkylene glycol, 
starch, starch derivatives, graft-polymerized starch, cel- 
lulose and cellulose derivatives such as carboxymethylcel- 
lulose, hydroxymethylcellulose, as well as galactomannans 
and oxyalkylated derivatives thereof. The water-soluble 
polymer preferably is starch and/or polyvinyl alcohol. 

Conventional initiators, e.g. peroxo and azo com- 
pounds, preferably peroxo and azo compounds soluble and/or 
dissociating in water, such as tert-butyl hydroperoxide and 
2,2'-azobis( 2-methylpropionamidine ) di hydrochloride , as 
well as redox systems formed of sodium and potassium 
peroxomonosulf ate , sodium and potassium peroxodisulf ate and 
hydrogen peroxide with sodium and potassium sulfite, sodium 
and potassium f ormamidinesulf inate and ascorbic acid are 
used to initiate the free-radical polymerization. 



The monomer mixture may also include water-soluble 
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When using redox systems, the oxidizing agent pref- 
erably is charged first, and the reducing agent is added 
subsequently. Particularly in continuous polymerization, 
initiation is effected by photocatalysis using UV light and 
well-known sensitizers . 

According to the invention, at least one parameter 
biasing the polymerization is varied according to a recur- 
ring pattern in this continuous process. 

In the meaning of the invention, "according to a 
recurring pattern" means that the parameters biasing the 
polymerization are varied in any desired manner, but at 
regularly recurring time intervals within a reasonable 
spectrum, and preferably in a continuous fashion. 

The pattern preferably is an oscillation about a 
random mean value. Said oscillation preferably is harmonic 
or anharmonic and preferably undamped. 

The parameters preferably are varied prior to 
starting the polymerization, e.g., in the supply of the 
preferably aqueous monomer solution onto the moving sup- 
port, the following parameters preferably being subject to 
variation: 

a) the composition of the monomer solution in the pro- 

duction of co- and terpolymers, by varying the 
amount of at least one monoethylenically unsatu- 
rated monomer according to a recurring pattern, 

b-1) the percentage of one or more compounds containing 

at least two ethylenically unsaturated double 
bonds, by varying their metered amount according to 
a recurring pattern, 
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b-2) the percentage of one or more compounds containing 
one ethyienicaily unsaturated double bond and one 
or more functional groups reactive towards acid 
groups, by varying their metered amount according 
to a recurring pattern, 

b-3) the percentage of one or more compounds containing 
multiple functional groups reactive towards acid 
groups, by varying their metered amount according 
to a recurring pattern, 

c) the amount of catalyst, by increasing and reducing 
the concentration of catalyst or catalyst system 
according to a recurring pattern, 

d) the amount of molecular weight modifier, by in- 
creasing and reducing the amount of molecular 
weight modifier solution according to a recurring 
pattern, 

e) the pH value or degree of neutralization of the 
monomer solution, by increasing and reducing the 
alkali, alkaline earth or ammonia metering accord- 
ing to a recurring pattern, 

f) the graft basis, by increasing and reducing the 
amount of graft basis according to a recurring pat- 
tern . 

Among these parameters, one or more can be varied 
simultaneously or at different times. 

Preferably, the pattern is an oscillation about a 
mean value that can be selected at random. Amplitude and 
frequency of the oscillation can be selected at random. 
While the frequency, i.e., the time during which the pat- 
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tern of varying a polymerization parameter is carried out 
once, is determined by the sizing of the plant components, 
the amplitude, i.e., the level of the continuously per- 
formed variation, is crucial for the application-technical 
properties of the polymer compositions. 

Those skilled in the art will recognize that vary- 
ing one parameter may result in the variation of other po- 
lymerization parameters. When varying the amount of cata- 
lyst metering in the reactor feed, for example, the concen- 
tration of free radicals in the monomer solution and thus, 
the polymerization rate on the polymerization belt will be 
subject to continuous change which- can be recognized in an 
oscillating temperature profile. 

The polymer gel having formed is crushed according 
to well-known methods and dried to a water content of about 
10% at temperatures ranging from 100 to 190°C. 

Subsequently, the dried material is milled to a 
polymer powder having a grain size ranging from 20 to 
3000 (J.m, preferably from 150 to 850 \xm, and screened. 

Following milling and screening, the polymer powder 
preferably is subjected to secondary cross linking . Secon- 
dary crosslinking of the polymer product is effected on the 
surface of the dried polymer particles using at least one 
bi- or polyf unctional crosslinking -agent reacting with acid 
groups, preferably carboxyl groups, which agent preferably 
is applied in the form of an aqueous solution. Polyols such 
as ethylene glycol, 1 , 2 -propylene glycol, 1 , 4-butanediol , 
glycerol, di- and polyglycerol , pentaerythritol , oxyethyl- 
ates of these polyols, as well as their esters with carbox- 
ylic acids or carbonic acid are suitable as secondary 
crosslinking agents. Addition of an esterif ication cata- 
lyst, e.g. p-toluenesulf onic acid or phosphorus acid is ad- 
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vantageous. Other suitable crosslinking agents are di- and 
polyglycidyl ethers of polyols and polyethylene glycols. 
Such compounds are commercially available under the trade 
name of Denacol® (Nagase (Europe) GmbH, Duesseldorf, Ger- 
many) . The secondary crosslinkers preferably are employed 
in amounts of from 0.05 to 3 wt.-%, relative to the polymer 
composition . 

Secondary crosslinking preferably is performed at 
temperatures ranging from 150 to 250°C, more preferably from 
150 to 200°C in a mixing apparatus, preferably in a Nara 
mixer . 

The polymer composition of the invention can be 
used with particular advantage as an absorbent for water 
and aqueous liquids, as an absorbent in constructions used 
to absorb body fluids, as an absorbing component in elec- 
troconductive or light-conducting cables and packaging ma- 
terials, as soil improver, in plant breeding, as an absorb- 
ent for water and aqueous liquids in preferably foamed 
sheet materials, and as vehicle for fertilizers or other 
active ingredients released over a prolonged period of 
time. Therefore, the present invention is also directed to 
these uses. 

The present invention is also directed to a con- 
tinuous process for producing the powdered, crosslinked 
polymer compositions of the invention which absorb aqueous 
or serous fluids, as well as blood, and include: 

a) 55 - 99.9 wt.-% of at least one polymerized, eth- 
ylenically unsaturated, polymerizable monomer which 
contains acid groups neutralized to at least 25 mole-%, 

b) 0-40 wt.-% of polymerized, unsaturated monomers 
copolymerizable with a), 

c) 0.01 - 5.0 wt.-%, preferably 0.1 - 2.0 wt.-% of one 
or more crosslinking agents, 
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d) 



0-30 wt.-% of a water-soluble polymer, 



the weight amounts a) through d) being based on anhydrous 
polymer composition, and the sum of these components always 
being 100 wt.-%. In the process according to the invention, 
at least one parameter biasing the polymerization is varied 
according to a recurring pattern. 

As to the components a) through d), reference is 
made to the disclosure relating to the polymer composition 
of the invention. . 



process well-known to those skilled in the art. The polym- 
erization preferably is a solution polymerization. The con- 
tinuous solution polymerization preferably is carried out 
on a moving support as taught e.g. in EP 0,296,331 Bl or EP 
0,228,638 Bl which hereby are incorporated by reference and 
thus represent part of the disclosure. In these patent 
specifications, the moving support is a conveying belt onto 
which an agueous monomer solution made free of oxygen is 
metered, which solution undergoes polymerization upon addi- 
tion of catalyst to form a solid gel, liberating the heat 
of polymerization. 

In the continuous process according to the inven- 
tion, at least one parameter biasing the polymerization is 
varied according to a recurring pattern. 



recurring pattern" means that the parameters biasing the 
polymerization are varied in any. desired manner, but at 
regularly recurring time intervals within a reasonable 
spectrum, and preferably in a continuous fashion. 



The polymerization is performed according to any 



In the meaning of the invention, 



"according to a 
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The pattern preferably is an oscillation about a 
random mean value. Said oscillation preferably is harmonic 
or anharmonic and preferably undamped. 

The parameters preferably are varied, prior to 
starting the polymerization, e.g., in the supply of the 
preferably aqueous monomer solution onto the moving sup- 
port, the following parameters preferably being subject to 
variation : 

a) the composition of the monomer solution in the pro- 

duction of co- and terpolymers, by varying the 
amount of at least one monoethylenically unsatu- 
rated monomer according to a recurring pattern, 

b-1) the percentage of one or more compounds containing 
at least two ethylenically unsaturated double 
bonds, by varying their metered amount according to 
a recurring pattern, 

b-2 ) the percentage of one or more compounds containing 

one ethylenically unsaturated double bond and one 
or more functional groups reactive towards acid 
groups, by varying their metered amount according 
to a recurring pattern, 

b-3) the percentage of one or more compounds containing 
multiple functional groups reactive towards acid 
groups, by varying their metered amount according 
to a recurring pattern , 

c) the amount of catalyst, by increasing and reducing 

the concentration of catalyst or catalyst system 
according to a recurring pattern , 
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d) the amount of molecular weight modifier, by in- 

creasing and reducing the amount of molecular 
weight modifier solution according to a recurring 
pattern , 



e) the pH value or degree of neutralization of the 

monomer solution, by increasing and reducing the 
alkali, alkaline earth or ammonia metering accord- 
ing to a recurring pattern, 



f) the graft basis, by increasing and reducing the 

amount of graft basis according to a recurring pat- 
tern . 



Among these parameters, one or more can be varied 
simultaneously or at different times. 

Preferably, the pattern is an oscillation about a 
mean value that can be selected at random. Amplitude and 
frequency of the oscillation can " be selected at random. 
While the frequency, i.e., the time during which the pat- 
tern of varying a polymerization parameter is carried out 
once, is determined by the sizing of the plant components, 
the amplitude, i.e., the level of the continuously per- 
formed variation, is crucial for the application-technical 
properties of the polymer compositions. 

Those skilled in the art will recognize that vary- 
ing one parameter may result in the variation of other po- 
lymerization parameters. When varying the amount of cata- 
lyst metering in the reactor feed, for example, the concen- 
tration of free radicals in the monomer solution and thus, 
the polymerization rate on the polymerization belt will be 
subject to continuous change which can be recognized in an 
oscillating temperature profile. 
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The polymer gel having formed is crushed according 
to well-known methods and dried to a water content of about 
10% at temperatures ranging from 100 to 190°C. 

Subsequently, the dried material is milled to a 
polymer powder having a grain size ranging from 20 to 
3000 urn, preferably from 150 to 850 |am, and screened. 

Following milling and screening, the polymer powder 
preferably is subjected to secondary crosslinking. Secon- 
dary crosslinking of the polymer product is effected on the 
surface of the dried polymer particles using at least one 
bi- or polyf unctional crosslinking agent reacting with acid 
groups, preferably carboxyl groups, which agent preferably 
is applied in the form of an aqueous solution. Polyols such 
as ethylene glycol, 1 , 2-propylene glycol, 1 , 4-butanediol , 
glycerol, di- and polyglycerol , pentaerythritol , oxyethyl- 
ates of these polyols, as well as their esters with carbox- 
ylic acids or carbonic acid are suitable as secondary 
crosslinking agents. Addition of an esterif ication cata- 
lyst, e.g. p-toluenesulf onic acid or phosphorus acid is ad- 
vantageous. Other suitable crosslinking agents are di- and 
polyglycidyl ethers of polyols and polyethylene glycols. 
Such compounds are commercially available under the trade 
name of Denacol® (Nagase (Europe) GmbH, Duesseldorf, Ger- 
many) . The secondary crosslinkers preferably are employed 
in amounts of from 0.05 to 3 wt.-%, relative to the polymer 
composition . 

Secondary crosslinking preferably is performed at 
temperatures ranging from 150 to 250°C, more preferably from 
150 to 200°C in a mixing apparatus, preferably in a Nara 
mixer . 

To carry out the process according to the inven- 
tion, e.g. the continuous polymerization described in EP 
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0, 296, 331 Bl, Example 4 and Fig. 2 is modified in such a 
way that the mass flow of catalyst solutions is varied by 
means of metering valves 28 and 30 according to a prese- 
lected pattern along a controlled system at regular time 
intervals in a recurring fashion. The above-mentioned pat- 
ent specification hereby is incorporated by reference and 
thus represents part of the disclosure. 

In a preferred embodiment of the process according 
to the invention, a constant amount of a catalyst system is 
metered into the constant flow of a partially neutralized 
solution of acrylic acid purged with nitrogen and present 
with 70 mole-% as sodium acrylate. A solution of triallyl- 
amine crosslinker in methacrylic acid is metered from an- 
other reservoir in an amount continuously varying in the 
form of a sine-shaped oscillation. Depending on the concen- 
tration and amount of crosslinker solution, not only the 
crosslinking density and neutralization level but also the 
monomer concentration on the polymerization belt undergo a 
periodic change, giving rise to a continuously changing 
temperature profile in the polymer gel as a result of the 
exothermic reaction. As plug flow in the line is largely 
retained at the end of the dryer, - samples taken at inter- 
vals of 5 minutes clearly show varying crosslinking density 
which can be recognized in the varying absorption capacity 
for physiological saline. 

In another preferred embodiment of the process ac- 
cording to the invention, following continuous addition of 
the catalysts, a periodically varying amount of an aqueous 
solution of e.g. PEG (polyethylene glycol) 400 diacrylate is 
additionally metered into the constant feed flow of an 
acrylic acid solution purged with nitrogen and neutralized 
to 60 mole-% with sodium hydroxide solution, which already 
includes a crosslinker, e.g. allylpolyethylene glycol ether 
acrylate. The samples taken at the end of the dryer exhibit 
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liquid absorption which varies in the form of an oscilla- 
tion. Once the dried polymer has passed those parts of the 
line having massive back mixing, such as milling cycle, 
screening and silo mixer, a bulk material is obtained which 
is virtually homogeneous when tested. 

In another preferred embodiment of the process ac- 
cording to the invention, following continuous addition of 
the catalysts, a periodically varying amount of an aqueous 
solution of a non-ionogenic monomer, e.g. methoxy-PEG ( poly- 
ethylene glycol) 750 methacrylate is additionally metered 
into the constant feed flow of an acrylic acid solution 
purged with nitrogen and neutralized to 70 mole-% with 
sodium hydroxide solution, which already includes a 
crosslinker, e.g. allylpolyethylene glycol ether acrylate. 

Instead of such a non-ionogenic monomer, it is also 
possible to meter a solution of a graft basis such as poly- 
vinyl alcohol and vary the amount thereof according to a 
recurring pattern. 

If the solution of the graft basis contains a modi- 
fier such as formic acid, acetic acid or isopropanol, its 
amount relative to the monomer will also vary periodically. 
It is highest, however, when the "graft basis reaches its 
highest concentration in the polymerizing solution. 

It is well-know to those skilled in the art that 
polymer gels having different crosslinking densities, dif- 
ferent degrees of neutralization, different temperatures 
etc. may markedly differ after polymerization with respect 
to their ability of being cut, dried and milled. 

It is therefore suggested to perform the polymeri- 
zation on two polymerization belts operated in parallel. If 
the parameters biasing the polymerization are varied in a 
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phase-shifted fashion - e.g., when the crosslinker concen- 
tration on the one belt is about to reach a maximum, the 
concentration on the other belt is about to reach a minimum 
- the gel strands can be crushed, dried and milled together 
under constant conditions. 

The polymer compositions of the invention involve 
the advantage of straightforward production on existing 
plants and of covering a wide spectrum of superabsorbing 
polymers . 

In particular, this is the case with polymer compo- 
sitions having undergone a secondary surface crosslinking. 

As a result of secondary crosslinking in the sur- 
face layer of the polymer particles, a polymer composition 
is formed covering a wide spectrum of secondary-cross linked 
superabsorbing polymers. 

For example, a polymer composition according to the 
invention may have varying ratios of high retention and low 
crosslinking, in addition to varying ratios of low reten- 
tion and high absorption under load and high gel permeabil- 
ity. In use, the properties of these polymer compositions 
are superior to those of mixtures described in the prior 
art. 

The invention will be illustrated with reference to 
the Examples hereinbelow which, however, are not intended 
to limit the general idea of the invention . 
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Test methods 

Tea bag retention (TB) 

This test is performed according to the statements 
in EP 0,640,330 Al under "Tea Bag Retention Capacity Test". 

Absorption under load (AUL) 

This test is performed according to the statements 
in EP 0, 640,330 Al under ''Absorption Against Pressure Test" 
at loads of 20 g/cm 2 (0.3 psi) and 50 g/cm 2 (0.7 psi). 

Gel permeability (GP) 

This test is performed according to the statements 
in EP 0,640,330 Al under "Gel Layer Permeability Test". 

Passing Rate (PR) 

The test is performed according to the statements 
in EP 594,009 Bl under "Method for measuring passing rate 
of physiological saline" . 



Examples 

Abbreviations : 

Methoxypolyethylene glycol (17EO) methacrylate = MPEG-MAC 
Polyethylene glycol (10EO) allyl ether acrylate = ""PEGMAE-AC 
Sodium peroxodisulf ate = NAPS 

2 , 2 ' -Azobis ( 2-methy lpropionamidine ) dihydrochloride = AB-AH 
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Example 



1 



Batch : 



4000 



kg of water 

kg of sodium hydroxide solution, 50% 
kg of acrylic acid 
kg of PEGMAE-AC 



2030 



2610 



23.5 



8663.5 kg of monomer solution 



400 kg/h of this monomer solution is cooled to 1°C 



in a heat exchanger and made free of dissolved oxygen to a 
residual content of 0.9 ppm in a stripper swept with 3 m 3 /h 
of nitrogen. Prior to placing on the polymerization belt, 
the following amounts of solutions are mixed with the above 
feed 1 : 

Feed 2: 8.8 1/h NAPS solution, 0.75% 

Feed 3: 8.8 1/h ABAH solution, 0.5% 

Feed 4: 8.8 1/h hydrogen peroxide solution, 0.5% 

Feed 5: 8.8 1/h ascorbic acid solution, 0.075% 

Feed 6: A solution of 15.66 kg of polyethylene glycol 300 



diacrylate and 162 kg of water, the metering rate 
of which is varied with a steady increase from 
5 kg/h to 10 kg/h and with a steady decrease to 
5 kg/h over a time period of 30 minutes. This pat- 
tern of varying amounts is maintained throughout 
the entire test period. 

Following a residence time of 40 minutes, the solid 



polymer gel, still being hot, is reduced in size in a meat 
grinder and dried on a belt dryer at an inlet air tempera- 
ture of 160°C in zones 1 and 2, 140°C in zone 3, and 130°C 
in zones 4 and 5. Samples taken at the end of the dryer at 
intervals of 5 minutes exhibit the following retentions: 
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Time [min] 


0 


5 


10 


15 


20 


25 


30 


TB [g/g] 


27 


27.5 


28 


29 


28.5 


27 


26.5 



The milled silo sample screened to 150 - 850 \xm has 
the following grain size distribution: 



Screenr analysis 


Mesh width [|um] 


850 


600 


300 


150 


45 


% on screen 


0.1 


3.9 


67.3 


28.6 


0.1 



Examples la and lb 

The polymer composition of Example 1 is conveyed 
continuously into the powder reservoir of a belt weigher 
using a pneumatic conveyor, and mixed continuously with 2% 
of a 33.5% ethylene carbonate solution in water through a 
two-fluid nozzle at a flow rate of 80 kg/h in a vertical 
tube mixer. Within about 20 minutes, the mixture flows 
through a steam-heated blade dryer. Following cooling of 
the polymer powder on a vibratory cooler and pneumatic con- 
veying, protective screening at 1, 000 j-im and further con- 
veying to the silo are performed. The silo samples exhibit 
the following characteristics: 



Example 


Steam temp. 


TB 


AUL 


GP 








20 g/cm 2 


50 g/cm 2 






rci 


[g/g] 


[g/g]- 


[g/g] 


[cm 3 s/g] 


1a 


192 


24.5 


27 


24 


86 x 10- 7 


1b 


190 


26 


27.5 


23.5 


67 x 10- 7 
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Example 2 

Batch : 

4000 kg of water 

2030 kg of sodium hydroxide solution, 50% 

2610 kg of acrylic acid 

105 kg of MPEG-MAC 

15. 7 ^ kg of PEGMAE-AC 

8760.7 kg of monomer solution 

The above monomer solution, treated as in Example 
1, constitutes feed 1 at 400 kg/h, which is mixed upstream 
the polymerization belt as in Example 1 with the catalyst 
solutions 2 to 5 specified therein. 



Feed 6: A solution of 15 kg of polyethylene glycol 400 di- 
methacrylate in 200 kg of water, the metering rate 
of which is varied with a steady increase from 
5 kg/h to 15 kg/h and with a steady decrease to 
5 kg/h over a time period of 60 minutes. This pat- 
tern of varying amounts is maintained throughout 
the entire test period. 

Following a residence time of 40 minutes, the poly- 
mer gel is crushed and dried as in Example 1. Samples taken 
at the end of the dryer at intervals of 5 minutes exhibit 
the following retentions: 



Time 
[min] 


0 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


TB 

[g/g] 


35.6 


36.4 


37.2 


36.3 


35.2 


34.9 


34.2 


33.2 


33.1 


31.9 


32.5 


33.8 


35 
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The milled silo sample screened to 150 - 850 urn has 
the following grain size distribution: 



Screen analysis 


Mesh width f^m] 


850 


600 


300 


150 


45 


% on screen 


0.2 


25.7 


60.9 


13.1 


0.1 



Examples 2a and 2b 



Thte polymer composition is subjected to a thermal 
secondary treatment •• as in Examples la and lb. 



Secondary treatment and characteristics: 


Exam- 


EC*/ 


Steam 


TB 


AUL 


GP 


ple 


water 


temp. 




20 g/cm 2 


50 g/cm 2 






[%i/r%i 


[°C] 


[g/g] 


[g/g] 


[g/g] 


[cm 3 s/g] 


2a 


0.5/1.0 


190 


29.5 


31 


26 


22 x 1 0" 7 


2b 


1.0/2.5 


194 


28 


28.5 


23 


81 x 10" 7 



* Ethylene carbonate 



Comparative Example 1 

Examples 2 and 2 b are repeated, but using the mea- 
sure that feed 6 in Example 2 is held constant at 10 kg/h 
over the time. TB : 34 g/g 

In the following Table, the characteristics of Ex- 
ample 2b and Comparative Example 1 are supplemented by the 
passing rate (PR) for physiological saline through the pre- 
swollen polymer. This test method - was performed according 
to EP 0, 594, 009 Bl . 
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TB 


AUL 


GP 


PR 






20 g/cm 2 


50 g/cm 2 








[g/g] 


fa/01 


[g/g] 


[cm 3 s/g] 


[ml/min] 


Example 2b 


28 


28.5 


23- 


81 x 10" 7 


214 


Comp.Ex. 1 


27 


27.5 


23.5 


46 x 1 0" 7 


158 



. The polymer product of the invention has a signifi- 
cantly higher permeability. 



